factor activities in both the fetal lamb and in the mother ewe. The changes were not consistent with classical disseminated intravascular coagulation. An additional stress such as hypotension is probably required to induce intravascular coagulation in the fetus. The exact mechanism responsible for the observed changes remains unclear. The changes are not related to mere exposure of fetal blood to a lowered pH. The observation that the mother ewes also experience a reduction in factor V and factor IX activity in the absence of lactic acidosis suggests the liberation of a mediator from the fetus capable of crossing the placenta. These observations support the original findings of Bishop et al. (3) ondary sexual changes, basal serum hormone concentrations and acute responses to stimulation with gonadotropinreleasing hormone and human chorionic gonadotropin were normal. The timing of the onset of clinical puberty was normal. Early pubertal boys showed initial testicular growth and normal serum testosterone levels, while serum follicle-stimulating hormone and estradiol concentrations were significantly elevated. By midpuberty, the Klinefelter subjects were uniformly hypergonadotropic and their testicular growth had ceased. Serum testosterone concentrations after age 15 remained in the low-normal adult range. Serum estradiol levels remained high, irrespective of the presence or absence of gynecomastia. Exaggerated responses to gonadotropin-releasing hormone are seen in pubertal subjects with elevated basal gonadotropin values.
factor activities in both the fetal lamb and in the mother ewe. The changes were not consistent with classical disseminated intravascular coagulation. An additional stress such as hypotension is probably required to induce intravascular coagulation in the fetus. The exact mechanism responsible for the observed changes remains unclear. The changes are not related to mere exposure of fetal blood to a lowered pH. The observation that the mother ewes also experience a reduction in factor V and factor IX activity in the absence of lactic acidosis suggests the liberation of a mediator from the fetus capable of crossing the placenta. These observations support the original findings of Bishop et al. (3) which also suggested the liberation of a factor or factors capable of crossing the placenta and influencing coagulation activity in both fetal and maternal blood. Klinefelter syndrome was first described in adult phenotypic males with gynecomastia, azoospermia, and hypergonadotropic hypogonadism, and was subsequently found to be associated with the presence of an extra X chromosome. Because the condition is rarely diagnosed until adult life, little is known about the natural history of the hypogonadism in young males with the 47,XXY karyotype.
In the past two decades, studies involving cytogenetic analysis of unselected neonates have provided an opportunity for the prospective study of boys with this karyotype. The growth, psychological development, and adolescent status of our subjects have been reported (14) . The present report describes a study of pituitary-gonadal endocrine function in patients with 47,XXY before and during puberty.
MATERIALS AND METHODS
Forty subjects with a 47,XXY karyotype were available for study. In each, cultured leukocyte chromosome analysis had failed to demonstrate mosaicism. Twenty-seven subjects (age 1-16 yr) were identified during neonatal screening programs in Denver, Winnipeg and Toronto (courtesy of Dr. John Bailey, Hospital for Sick Children), and thus represent an unselected group (1 2). The remaining 13 boys (age 7-1 9 yr) were referred to these centers because of behavioral problems, gynecomastia, small testes, or micropenis, and were subsequently found to have a 47,XXY karyotype. No patient had received androgen supplementation for at least 4 months prior to being studied. A second group of 22 chromatin negative male siblings of the aneuploid subjects in the Denver Family Development Study was available as a control group for comparison with our previously published age-specific normal hormone values ( 16, 17) .
Each subject had venous blood drawn at the initial assessment and at up to six subsequent visits, for determination of serum concentrations of FSH, LH, T, and E2. In 15 47,XXY individuals, ages 6-14 yr, more detailed testing of pituitary-gonadal function was camed out with sequential GnRH and hCG stimulation tests. An intravenous bolus of 200 pg GnRH (gonadorelin, Factrel, Ayerst) was administered, and samples obtained at -30,0, 15,30,45,60, 120, and 180 min for assay of serum FSH and LH. Each subject also received 2000 units hCG (Pregnyl, Organon) intramuscularly on 3 consecutive days, followed by determination of serum T and E2 24h after the last injection (20) . All samples were assayed in the same laboratory using previously described radioimmunoassays for FSH (4), LH ( 9 , T (19), and E2 (19) . The interassay coefficient of variance for each assay was less than f 12% over the period of the study. The significance of differences between groups was evaluated by the nonparametric Mann-Whitney test because the data were not normally distributed. Informed consent was obtained from the parents.
RESULTS
The development of the 27 boys identified by newborn cytogenetic survey has been reported (14) . All pubertal subjects have developed satisfactory secondary sexual characteristics. None showed any genital ambiguity. Prior to the first appearance of pubic hair, which usually occurred between ages 11-14 yr, most were growing at or above the 50th percentile for height and had a normal penile size. One boy, who was referred because of apparent micropenis (2.6 cm at age 11 yr), later entered puberty spontaneously and showed normal penile growth. At age 10, the median testicular volume, using the Prader orchidometer, was 1 ml (range 0.5-2 ml). With the appearance of pubic hair (Tanner stage pH2) median testicular volume increased to 4 ml (range 2-10 ml). Six boys were followed with annual examinations through puberty. Of these, five showed an initial increase and then a subsequent decrease in testicular size, whereas in the sixth, testicular volume remained at 2.5-3 ml. Therefore, at stage pH,-, median testicular volume was only 3 ml (range 2-7 mi). Of the seven patients referred after the age of 10 yr, gynecomastia was present initially or developed subsequently in five. One of six unselected pubertal boys (age 13 yr) has slight rounding of the aureola with no palpable glandular tissue.
The basal serum concentrations of FSH and LH in 47,XXY subjects are shown in Figure 1 . It can be seen that virtually all FSH and most LH values were normal before age 12, but by age 14 the values for both were uniformly elevated. Figure 2 shows that the magnitude and timing of the initial adolescent rise in serum T were relatively normal. However, T levels plateaued after age 14, and individ~al values subsequently failed to rise above the middle of the normal range. Serum FSH, LH, and T values for the control siblings fell within the normal range. Six of the 47,XXY boys showed slight elevations of E2 (up to 2 ng/ dl) before the clinical onset of puberty and before any rise in T. A similar unexplained slight elevation was observed in one of the siblings, although E2 concentrations at this age (8-10 yr) were not significantly different between the two groups. Fig. 1 . Basal serum FSH and LH concentrations in boys with 47,XXY before and during puberty. The dotted lines show the upper limit of the normal range in males (16) . Successive values from the same subject are connected from the time they exceed the normal range. The FSH and LH, which are expressed in pg LER907/dl, may be converted to IU/liter by multiplying the FSH value by 0.5 and the LH value by 4.5. Values are median with the range in parentheses. To reduce sampling frequency bias, no more than one specimen was included from each subject per year. Pubertal stage was assigned according to pubic hair development. Differences between 47,XXY subjects and control siblings were calculated with a two-tailed Mann-Whitney test and are significant where indicated with * p = 0.003, ** p < 0.05, and *** p < 0.001. ainefelter patients. Its occurrence was at least as early as in the control siblings and was accompanied by a normal initial rise in serum T level. The observed testicular volumes for the 47,XXY patients at puberty stage pH2 were only slightly smaller than those (mean 5 ml, range 3-10 ml) observed in the normal population. However, after an initial increase in size, continued testicular growth did not occur, and no patient even approached the normal adult mean volume of 15 ml (range 12-25 ml).
Even though their T concentrations during early puberty were similar or greater than the controls, and within the normal range for age or pubertal stage (1 6) , many Klinefelter subjects showed abnormal serum FSH values soon after clinical puberty was apparent, and by midpuberty they were clearly hypergonadotropic (present study and Ref. 1 I). High E2 concentrations were found throughout puberty. Particularly in early puberty, many patients showed a high E2/T ratio, which presumably accounts for the frequent occurrence of gynecomastia (3, 9) . High E2 levels might also be expected to induce relatively high levels of sex hormonebinding globulin, thus further reducing serum free T (2). In Klinefelter syndrome, high E2 levels appear to reflect increased testicular estrogen secretion rather than enhanced peripheral aromatization (1 3), a phenomenon which likely results from excessive FSH stimulation (10) . It is of interest that the administration of hCG in our study, which is an LH-like stimulus, does not further increase the E2/T ratio in these hypergonadotropic individuals (7).
The basic endocrine defect in Klinefelter syndrome appears to be gonadal. The relative roles of the testicular structure and function observed at puberty and elevated gonadotropin secretion is not presently understood. We found that during childhood, serum gonadotropin levels are normal even following GnRH stimulation. By midpuberty, Klinefelter subjects are hypergonadotropic, even though their basal T levels are not markedly reduced and T secretion can be increased further either by the administration of hCG or infusion of sufficient GnRH to raise endogenous LH even further. It would appear that high circulating gonadotropin levels may exacerbate the primary testicular lesion and cause the progressive hyalinization and fibrosis. Eventually, testicular damage or a local effect of intratesticular estrogen leads to diminished T reserve. It remains to be seen to what extent early aggressive T therapy might influence the course of this adolescent endocrine dysfunction.
